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Hie pieaent invention relates to 
a system for diecldng and adjusting a 
transmissioo buffer (IX wberein a K»t 
stream (11) faicomiqgto thetnmsmls* 
ston buffer (I) has a fim transmisnon 
frequency (f i) or bit rate, and wboeln 
a bit stream (12) outgfung fromtbe 
tnmsmission buffer (1) has a second 
transmission finequency (^ or bit late. 
A wriiMelated poimer (15) is givea a 
value wbicb conesponds to a bit po- 
sition bito which a writfaig unit (13) 
writes from the inoomhig Ixit stream 
(11) into the transmission buffer (IX 
and a read-floated pointer (16) is given 
a vahie which conesponds to a bit po- 
sition from which a reading nnit (14) 
reads tan the transmission buffer (1) 
into die outgoing bit stream (12). A 
checkmg and adjusting means faidudes 
a proportional pait (2X and integrating 
pait (3) and an adjusting part (5) and 
functions to check and adjust the bit 
distance between the writuig unit (13) 
and the reading unit (14). Ibepropor- 
tional pan (2) operates at a first clock 
frequency and die hdegrating part (3) 
operates at a second clock frequency, 
wherein die second clock fieqwncy is 
allocated a lower vahie than the first 
clock ftequency. 
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TITLE OP THE INVENTION: 

A. System related to a 
Transmission Buffer. 

FIELD OF INVENTION 

The present invention relates to a system for checking and 
adjusting a transmission buffer in a transmission system with 
digital information carrying signals, wherein a bit stream 
incoming to the transmission buffer has a first transmission 
frequency or bit rate, and wherein a bit stream outgoing from 
the transmission buffer has a second transmission frequency 
or bit rate. 

The transmission buffer is adapted so that information allo- 
cated to each of the bits of the incoming bit stream can be 
written into the buffer via a writing unit, whereafter the 
same information can be read via a reading unit for alloca- 
tion to the outgoing bit stream. 

A write-related pointer is given a value which corresponds to 
a transmission buffer bit position into which the writing 
unit writes, and a read-related pointer is given a value 
which corresponds to a transmission buffer bit position from 
which the reading unit reads. 

The first transmission frequency or bit rate may differ from 
the second transmission frequency or bit rate, and consequen- 
tly a checking and adjusting means which includes a propor- 
tional part, an integrating part and an adjusting part is 
adapted to check the bit distance between the write-related 
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pointer and the read-related pointer and, when necessary, to 
adjust the bit distance between the writing and the reading 
imlts. 

5 The proportional part compares the difference between the 

value given to the write-related pointer and the value given 
to the read-related pointer with a first limit value, and the 
integrating part adds the deviation between said difference 
to an anticipated value, where the sum obtained is comparable 
10 with a second limit value. 

The result of one of these comparisons is operative in initi- 
ating adjustment of the distance between the %nriting and the 
reading units through the medium of the adjusting part, 

15 

The proportional part and the integrating part operate with a 
specific clock frequency. 

DESCRIPTION OF THE BACKGROUND ART 

20 

It has long been known to use a transmission buffer at the 
transition from a first transmission system using one certain 
type of transmission protocol to a second transmission system 
using another type of transmission protocol. 

25 

Different frequency tolerances in the transporting bit stre- 
ams are specified in different transmission systems, and the 
different transmission systems also include mechanisms for 
handling these frequency tolerances. This means that the bit 
30 rate in the first transmission system can differ from the bit 
rate in the second transmission system. 

It is also known that even when information is transmitted at 
a well-defined and stable bit rate, the bit rate may vary 
35 slightly when the signal is received and when transmitted 
over long distances, due to different kinds of distortion. 
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The fact that two different transmission systems can operate 
at different transmission speeds and that the first transmis- 
sion speed or bit rate can vary slightly in time necessitates 
the inclusion of a transmission buffer in order to enable a 
well-defined and stable bit rate to be obtained in the second 
transmission system. 

Information from the first transmission system is written 
into a transmission buffer by a writing unit and is read from 
the same buffer by a reading unit^ to form standard data 
frames within the second transmission system. 

It is also known to use two pointers, one representing the 
buffer position into which information shall be written and 
one representing the position from which information shall be 
read, and to detect or measure the distance between these 
positions so as to be able to adjust the speed of the reading 
unit and/or the writing unit and therewith prevent the rea- 
ding unit catching up with the writing unit, or vice versa, 
and also prevent information being destroyed, for instance as 
a result of the writing unit writing over information that 
has not yet been read (read and write pointer overlap). 

It is also desirable to prevent highly frequent disturbances 
in bit speed, jitter, and less frequent disturbances in bit 
speed, drift, present in the first transmission system from 
being transferred to the second transmission system. 

The term "Jitter" relates to deviations of the bit positions 
from their nominal positions in time at variations above 10 
Hz, while with "drift" is meant deviations of the bit posi- 
tions from their nominal positions in time at variations 
beneath 10 Hz. 

In these contexts, it is also known to use an adjusting 
method which is referred to as stuffing in this document and 
which means that those data frames used in the second trans- 
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mission system are allocated so-called adjuster bits which 
can be filled or left empty, depending on whether the first 
rate is higher or lower than the bit rate that can be expec- 
ted from the first transmission system. 

5 

Such deviation of the first bit rate from the expected bit 
rate will cause one pointer to come closer to the other 
pointer and in certain cases the pointers may even overlap 
and therewith destroy information. 

10 

In these contexts, stuffing is the most common method of 
enabling the bit distance of the writing and the reading 
units to be adjusted and therewith avoid the problem of 
overlapping pointers and ccxnpensating for Jitter and drift 
15 respectively. 

In these respects, it is also known to use so-called propor- 
tional adjustment involving continuous evaluation of the bit 
distance in the transmission buffer between the write-related 
20 pointer and the read-related pointer, and using stuffing to 
adjust the distance between the writing unit and the reading 
unit when the distance falls beneath a predetermined limit 
value. 

25 This adjustment method may result in slightly uneven stuffing 
which, in turn, can result in Jitter in the second transmis- 
sion system. It is therefore desirable that stuffing is 
distributed as evenly as possible in time, to prevent Jitter 
in the second transmission system. 

30 

It is also known to use so-called integrating adjustment, 
meaning that a mean or aggregate value of the bit distance in 
the transmission buffer between the write-related pointer and 
the read-related pointer is formed continuously over a prede- 
35 termined time period, T, whereafter the mean value distance 

thus formed is used to obtain by integration a value that can 
be compared with an expected or anticipated distance. This 
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method enables trends occurring due to drift to be detected, 
and stuffing can be carried out before It Is necessary to do 
so as a result of exceeding a limit In accordance with the 
proportional adjustment. 

This adjustment provides more uniform stuffing and thereby 
enables jitter In the second transmission system to be avoi- 
ded. 

It Is also known to use both proportional and Integrating 
adjustment In parallel. 

Examples of earlier known systems that use this type of 
checking and adjustment of a transmission buffer are disclo- 
sed In publications US-A-5, 263,056, 337, 315, 
US-A-5,132,970, US-A-5,331, 671 and WO-Al-94 00935, 

A large number of logic circuits are required to form a mean 
value of the bit distance between the two pointers and to 
Integrate/summate or add together several mean values, which 
In turn requires space, the application of error controls and 
possibly error corrections and high power Inputs with subse- 
quent necessary cooling of components. 

Also known to the art are dlffez^t transmission systems 
having different types of transmission protocols. 

One such transmission protocol, which is characterized by 
high demands with respect to the time positions of the bit 
positions (Jitter and drift), permits large quantities of 
data to be transmitted at high transmission speeds without 
the need of multiplexing and demultiplexing In transmission 
and reception respectively, and is designated SDH (Synchro- 
nous Digital Hierarchy). 

An older transmission protocol with which multiplexing and 
demultiplexing is necessary in transmission and reception can 
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accept larger deviations In the time positions of the bit 
positions (jitter and drift), this protocol being designated 
PDH ( Plesiosynchronous Digital Hierarchy). 

5 In a transition from a PDH-domain to an SDH-domain, it is 
therefore very important that drift and jitter that may be 
present in the PDH-domain are not transfeirred to the SDH- 
domain. Consequently, it is known to use the af oredescribed 
transmission buffer and stuffing method at precisely such 
10 transitions. 

It is also known to use stuffing in a node within a domain, 
in order to be able to handle frequency deviations between 
different node-clocks in the transmission system. 

15 

SUMNARy OF THE PRESENT INVENTION 

TECHNICAL PROBLEMS 

20 When considering the earlier standpoint of techniques as 

described in the aforegoing, it will be seen that in respect 
of a system which is intended to check and adjust a transmis- 
sion buffer wherein a bit stream inccHnlng to the buffer has a 
first transmission frequency or bit rate and wherein a bit 

25 stream outgoing from the buffer has a second transmission 

frequency or bit rate, wherein the Information contained in 
each of the bits belonging to the incoming bit stream can be 
written into the buffer via a writing unit and the informa- 
tion contained in each of the bits written into the buffer 

30 can be read via a reading unit for allocation to the outgoing 
bit stream, wherein a write-related pointer is given a value 
that corresponds to a buffer bit position into which the 
writing unit writes and a read-related pointer is given a 
value which corresponds to a buffer bit position from which 

35 the reading \mit reads, wherein the first transmission frequ- 
ency or bit rate may differ from the second transmission 
frequency or bit rate, irtiereln a checking and adjusting means 
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that includes a proportional part, an integrating part and an 
adjusting part checks and adjusts the bit distance between 
the write-related pointer and the read-related pointer, 
wherein the proportional part compares a difference between 
the value given to the write-related pointer and the value 
given to the read-related pointer with a first limit value, 
wherein the integrating part adds the deviation between said 
difference to an anticipated value through the medium of an 
adder or a summating unit, wherein the sum obtained is 
comparable with a second limit value, and wherein the result 
of one of the comparisons made is operative in initiating an 
adjustment of said distance through the raedixun of the adjust- 
ing part, a technical problem resides in realizing how an 
integrating part can be obtained through the medium of 
relatively simple, power-lean but still highly effective 
circuitry. 

Another technical problem is one of realizing the fact that 
an integrating adjustment can be achieved with a lower clock 
frequency than that necessary to achieve a proportional 
adjustment, and also to realize the possibilities afforded by 
this fact. 

It will also be seen that a technical problem resides in rea- 
lizing how Jitter and drift damping in the incoming bit 
stream can be increased in relation to known techniques in a 
simple and cost-effective manner. 

Another technical problem is one of realizing the possibili- 
ties that are created when the proportional part is allowed 
to operate at a first clock frequency and to allow the inte- 
grating part to operate at a second clock frequency which has 
a significantly lower value than the first clock frequency. 

Still another technical problem is one of realizing the 
conditions required for the integrating part to be able to 
operate at a lower frequency than the proportional part. 
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Another technical problem is one of realizing the advantages 
that are afforded when the first clock frequency is comprised 
of a system-determined clock frequency, and those possibili- 
ties that are afforded when the second clock frequency is 
5 variable. 

It will also be seen that a technical problem Is one of 
realizing how the possibility of allowing the second clock 
frequency to be variable can be created. 

10 

It will also be seen that a further technical problem is one 
of realizing the value that shall be allocated to the second 
clock frequency in relation to the first clock frequency so 
as to thereby obtain a desired technical effect. 

15 

Another technical problem is one of realizing the conditions 
that are required for the proportional part to provide satis- 
factory adjustment of the reading unit and/or the writing 
unit in relation to drift and Jitter and differences in bit 
20 rates between the first and the second bit rates. 

Another technical problem is one of realizing the conditions 
that are required for the integrating part to provide satis- 
factory adjustment of the reading unit and/or the writing 
25 unit in relation to drift and Jitter and differences in the 
bit rate between the first and the second bit rates. 

It will also be seen that a further technical problem is one 
of realizing the advantages that are afforded when certain 
30 vital components within the proportional part and the integ- 
rating part can be common to both of said parts ^ and also the 
conditions necessary herefor. 

A technical problem also resides in realizing the signifi- 
35 cance of allowing the incoming bit stream and the outgoing 
bit stream to derive from separate transmission protocols. 
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It Will also be seen that a teclmlcal problem Is one of rea- 
lizing the significance of and the advantage afforded by 
allowing one transmission protocol to be comprised of a P06- 
protocol and the other transmission protocol to be comprised 
of an SDH protocol. 

A technical problem also resides in realizing the advantages 
that are afforded when the second transmission frequency or 
bit rate is system-determined and dependent on the SDH proto- 
col. 

Another technical problem will be seen to reside in realizing 
those advantages that are afforded when a first clock frequ- 
ency is allotted the same frequency as the system-determined 
second transmission frequency or bit rate. 

It will also be seen that a technical problem resides in rea- 
lizing those advantages that are afforded when adjustment of 
the distance between the reading unit and the writing unit 
can be effected by so-called stuffing. 

It will also be seen that a further technical problem is one 
of realizing those conditions that are necessary in providing 
necessary stuffing possibilities. 

SOLUTION 

With the intention of solving one or more of the aforesaid 
technical problems, the present invention takes as its star- 
ting point a system for checking and adjusting a transmission 
buffer, wherein a bit stream incoming to the transmission 
buffer has a first transmission frequency or bit rate, and 
wherein a bit stream outgoing from the transmission buffer 
has a second transmission frequency or bit rate. 

According to known techniques, the information contained in 
each of the bits of the incoming bit stream can be written 



- 10 - 



PCT/SE96A)1415 



Into the transmission bu££er via a writing unit, and the 
infonnation contained in each of the bits written Into the 
buffer can be read via. a reading unit for allocation to the 
outgoing bit stream. 

Further, a write-related pointer is given a value which 
corresponds to a bit position in the transmission buffer that 
the writing unit writes into, and a read- related pointer is 
given a value which corresponds to a bit position in the 
buffer from which the reading unit reads. 

The first transmission frequency or bit rate can differ from 
the second transmission frequency or bit rate and a checking 
and adjusting means Includes a proportional part, an inte- 
grating part and an adjusting part and checks and adjusts the 
bit distance between the writing unit and the reading unit so 
as to thereby avoid overlapping of the units and therewith 
prevent spreading of Jitter and drift from the first trans- 
mission frequency to the second transmission frequency. 

According to known techniques, the proportional part is adap- 
ted to compare a difference between the value given to the 
wrlte-related pointer and the value given to the read-related 
pointer with a first limit value, and the integrating part 
adds the deviation between the difference to an expected 
value via a summatlng unit or adder and compares the sum 
obtained with a second limit value, wherein the result of one 
of these comparisons is Intended to initiate adjustment of 
the bit distance between the reading unit and the writing 
unit through the medium of the adjusting part. 

It is specifically proposed in accordance with the invention 
that the integrating part includes a down- sampling unit 
whereby the integrating part can operate with a clock frequ- 
ency that is lower than the clock frequency At which the 
remainder, of the system operates. 
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As a result, the proportional part operates with a first 
clock frequency, the Integrating part operates with a second 
clock frequency, and the second clock frequency is given a 
lower value than the first clock frequency. 

It is also proposed that the down-sampling unit is adjust- 
able, therewith enabling the second clock frequency to be 
varied. 

It is proposed that the second clock frequency is of the 
order of 500 to 1500, preferably about 1000, times lower than 
the first clock frequency. 

With a first clock frequency in the region of 2 to 3 MHz, 
which is a tj^ical clock frequency range in known techniques, 
a second clock frequency which is 1000 times lower than the 
first clock frequency will effectively smooth out frequency 
deviations that lie in the order of from 1 to 1.5 kHz accor- 
ding to the Nyquist criterion, which is the region in which 
much of the jitter and primarily the drift lies. 

The proportional part can be built-up around a first subtrac- 
tion unit vrtiich is adapted to detect a difference between the 
value given to the write-related pointer and the value given 
to the read-related pointer, and a first comparison unit 
which is adapted to compare the obtained difference with a 
first limit value. 

The integrating part can be built-up around a second subtrac- 
tion unit which is adapted to detect a difference between the 
value given to the write-related pointer and the value given 
to the read-related pointer, a third subtraction imit which 
is adapted to detect a deviation between the difference 
detected by the second subtraction unit and an expected or 
anticipated difference, a summating unit or adder which is 
adapted to summate a plurality of consecutive deviations 
detected by the third subtraction unit, a second comparison 
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unit which Is Intended to compare the obtained sum with a 
second limit value, and a zeroing unit which is adapted to 
set the summating unit or adder to zero upon initiation of an 
adjustment by the second comparison unit. 

5 

It is also conceivable to make the process more simple and 
more effective by mutually combining the first subtraction 
unit belonging to the proportional part and the second sub- 
traction unit belonging to the integrating part in one common 
io subtraction unit* 

The system can also be used when the incoming bit stream 
derives f rrai a first transmission protocol and the outgoing 
bit stream is allotted a second transmission protocol. 

15 

The invention also enables the first transmission protocol to 
be comprised of a FDH protocol and the second transmission 
protocol to be comprised of an SDH protocol. 

20 In an SDH protocol, it is normal for the system-determined 
transmission frequency or bit rate to reach up to 2,304 
MHz. 

It is also proposed in accordance with the invention that, 
25 for the sake of simplicity, the first clock frequency coinci- 
des with the system-determined transmission frequency and is 
therefore also in the order of 2,304 MHz* 

The adjusting part is adapted to adjust the distance between 
30 the writing unit and the reading unit by stuffing, in accor- 
dance with the result of one of the comparisons made in the 
proportional part and the integrating part respectively. 

The outgoing bit stream is formed into standard data frames 
35 in accordance with the protocol used, and the stuffing lis 
cmprised in that at least two bits in each outgoing data 
frame constitute adjustment bits: 
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- where both adjustment bits are devoid of information when 
an adjustment is initiated because a comparison shows that 
the first transmission frequency or bit rate is lower than 
the second transmission frequency or bit rate, 

- where both adjustment bits are allocated information when 
an adjustment is initiated because a comparison shows that 
the first transmission frequency or bit rate is higher 
than the second transmission frequency or bit rate, or 

- where one adjustment bit is devoid of information and one 
adjustment bit is allocated information if no adjustment 
is initiated. 

Each adjustment bit is allocated a check bit which is adapted 
to indicate whether an associated adjustment bit is filled or 
not. 



ADVANTAGES 

Those advantages that are primarily characteristic of a sys- 
tem according to the present invention reside in the creation 
of possibilities of checking and adjusting writing into and 
reading from a digital transmission buffer, wherein an initi- 
ated adjustment is able to smooth-out deviations in the time 
positions of the bit positions in relation to expected devia- 
tions, and wherein the adjustment is able to ccmipensate for 
those differences in transmission frequency or bit rate that 
can exist in the transition from one transmission protocol to 
another, and specifically in the transition from one PDH- 
domain to an SDH-domain, to an extent required for the trans- 
mission of information within an SDH-domain. This is afforded 
by the present invention with fewer components and with more 
effective damping of occurrent Jitter and drift than is 
possible when practicing known techniques. 



30 
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The primary characteristic features of an inventive system 
are set forth in the characterizing clause of the following 
Claim 1* 



BRIEF DESCRIPTION OP THE DRAWINGS 

A system having features characteristic of the present inven- 
10 tion will now be described in more detail by way of example 
and with reference to the accompanying drawings, in which 

Figure 1 is a schematic and greatly simplified illustration 
of how the flow of information is able to pass from 
15 one domain to another; 

Figure 2 is a block schematic illustrating a transmission 

buffer with associated checking and adjusting sys- 
tem; 

20 

Figure 3 illustrates the fimction of a circular transmission 
buffer; 

Figure 4 illustrates cut-off frequencies and related damping 
25 or smoothing effects of parts in the system that 

are allocated different clock frequencies; 

Figure 5 illustrates the function of an integrating part in 
two diagrams, diagram A and diagram B; 



Figure 6 illustrates a proposed embodiment of a downsampling 
unit; 



Figure 7 illustrates an alternative embodiment of parts of a 
35 checking and adjusting system; 



Figure 8 



Illustrates the principle construction of a data 
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frame; and 

Figure 9 lllustxates an alternative embodiment having a 
plurality of parallel transmission buffers. 

DESCRIPTION OF PROPOSED EMBODIMENTS 

The present invention relates to a system which is intended 
to act as a buffer between two different types of transmis- 
sion protocol or in a node between two transmission protocols 
of mutually the same type. 

In this latter case, there is a need to dampen or smooth-out 
the occurrence of Jitter and drift so as to prevent the same 
from being propagated and spread through the system, and to 
compensate for different clock frequencies of different node 
clocks. The performance requirement in this case is not as 
high as in the former case, but the present invention will 
nevertheless find use in the latter case since the invention 
provides both a high performance solution and a cost-effec- 
tive solution. 

The requirements in the former case are greater, because a 
considerable difference can exist between the transfer frequ- 
encies or bit rates in the two different transmission proto- 
cols. It may be so that one protocol is a PDH protocol, 
whereas the other protocol is an SDH protocol. In this case, 
extremely high demands are placed on the buffer acting betwe- 
en the two protocols, so as to be able to satisfy the high 
time-precision requirements relating to the SDH protocol. 

Figure 1 is an extremely simplified illustration of how 
information departs from a transmitter Al located in a first 
domain A, e.g. a PDH-domain, where a first transmission 
frequency A, or bit rate is operative. 

The receiver A'l is located within a second domain A', e.g. 
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an SDH-domain, In which a second transmission frequency A', 
or bit rate is operative. In order to manage the conversions 
of data packet or data frames required in the transition from 
one domain to the other, there is provided a conversion 
5 arrangement B which acts as an interface between the two 

domains A, A'» Greatly simplified, this arrangement B inclu- 
des a buffer Bl, a receiving unit B2, a decoding unit B3, a 
coding unit B4 and a transmitter unit B5. 

10 The receiving unit B2 receives digital information arriving 
in the form of standard data freunes and at the first trans- 
mission frequency A, or bit rate according to the protocol 
used in the first domain A. Each frame contains specific 
information related to the format of the frame within the 

15 protocol concerned, and address information denoting the 

receiver. The decoding unit B3 selects essential data bits 
that need to be forwarded in order for the information to 
reach the receiver A*l, while frame-specific data bits are 
scaled off. 

20 

The essential bits are written into the buffer Bl, whereafter 
the bits are read from the buffer and forwarded to the coding 
imit B4. The information is here re-coded to form standard 
data frames according to the protocol used in the second 
25 domain A* • 

The data frames are then sent into the second domain A' via 
the transmitting unit B5, at the second transmission frequen- 
cy A % or bit rate and finally reach the receiver A»l. 

30 

The person skilled in this art will be aware that the infor- 
mation flow can pass in the other direction, although the 
following description refers to flow in only one direction 
for the sake of simplicity. 

35 

This technique is known to the art and because the present 
invention relates specif ically to the function of the buffer 
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Bl, remaining units In t:he conversion arrangement B will not 
be described here* Similarly, the specific construction of 
data frames or data cells In accordance with different proto- 
col Is also known to the art and consequently such construc- 
tion will not be described In detail In this document. 

Figure 2 Illustrates a system adapted to check and adjust at 
least one buffer Bl according to Figure 1. Among other 
things, the buffer Bl Includes a transmission buffer 1 where 
a bit stream 11 Incoming to the transmission buffer has a 
first transmission frequency f ^ or bit rate and where a bit 
stream 12 outgoing from the buffer 1 has a second transmis- 
sion frequency f, or bit rate. 

The Information contained In each of the bits of the Incoming 
bit stream 11 can be written Into the transmission buffer 1 
through the medium of a writing unit 13, and the Information 
contained In each of the bits written into the buffer 1 can 
be read via a reading unit 14 for allocation to the outgoing 
bit stream 12. 

Figure 3 lllustratc^s a transmission buffer 1 which may have 
the form of a circular FIFO (First In - First Out) buffer 
which; In the case of the described embodiment. Is allocated 
48 bits numbered from 0 to 47. A write- related pointer 15 Is 
constantly allocated a value which corresponds to the bit 
position Into which the write unit 13 writes, and a read- 
related pointer 16 Is constantly allocated a value correspon- 
ding to the bit position from which the reading unit 14 
reads. 

Because the first transmission frequency f ^ or bit rate can 
differ temporarily from the second transmission frequency f, 
or bit rate due to Jitter and drift, and also continuously 
due to the practical function within the conversion arrange- 
ment B, the buffer Bl also Includes a checking and adjusting 
arrangement which checks the bit distance between the two 
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units 13, 14 and which can initiate adjustment of this dis- 
tance, so as to prevent the reading unit 14 coining too close 
to the writing unit 13 or overlapping said unit, or vice 
versa. 

5 

The checking and adjusting arrangement includes a propor- 
tional part 2, an integrating part 3, and an adjusting part 
4, and functions to check the bit distance between the write- 
related pointer 15 and the read-related pointer 16, so as to 
10 be able to adjust the bit distance between the mrriting unit 
and the reading unit 13, 14. 

In the Figure 2 embodiment, the proportional part 2 includes 
a first subtraction unit 21 which is adapted to detect a 
IS difference between the value given to the write-related 

pointer 15 and the value given to the read -related pointer 
16, and a first comparison unit 22 which is adapted to compa- 
re the obtained difference with a first limit value "a". 

20 If this comparison shows that the bit distance between the 
two pointers 15, 16 is too small, the comparison unit 4 in- 
itiates adjustment of the distance between the units 13 and 
14. 

25 Figure 2 also shows that the integrating part 3 includes a 
second subtraction unit 31 which is adapted to detect a 
difference between the value given to the write-related 
I>ointer 14 and the value given to the read-related pointer 
16, a third subtraction iinit 32 which is adapted to detect a 

30 deviation between the difference detected by the second sub- 
traction unit 31 and an expected or anticipated difference 
"b", a summating unit or adder 33 which is adapted to summate 
a plurality of consecutive deviations, a second comparison 
unit 34 which is adapted to compare the sum obtained with a 

35 second limit value "c", and a zeroing unit 35 which is adap- 
ted to set the summating unit 33 to zero upon adjustment 
initiated by the second comparison unit 34. 
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The Integrating part 3 also Includes a down- sampling unit 36 
whereby the integrating part can operate with a clock frequ- 
ency that is lower than the clock frequency at which the 
remainder of the system operates. 

This means that the proportional part 2 operates at a first 
clock frequency, that the integrating part 3 operates at a 
second clock frequency, and that the second clock frequency 
is allocated a lower value than the first clock frequency. 

This solution provides a relatively simple circuit construc- 
tion (combinatorial logic and adders) of the integrating part 
3 where no power-demanding, mean-value forming circuit that 
works at high frequencies is necessary. 

Figure 4 shows that according to the Nyquist criterion a 
lower cut-off frequency of the integrating part will result 
in a higher damping or smoothing effect within the active 
frequency range, since the clock frequency can be compared in 
this case with a sampling frequency. 

According to the Nyquist criterion, the cut-off frequency of 
the active range is corresponded by about half the sampling 
frequency (the clock frequency), which gives the integrating 
part 3 a cut-off frequency f^ which is much lower than the 
cut-off frequency fp of the proportional part 2. It is true 
that the active frequency regions will decrease markedly at a 
lower sampling frequency (clock frequency), but since the 
purpose of the damping of the integrating part is primarily 
to dampen or smooth out low frequency disturbances, this 
decrease constitutes no limitation to the function. 

On the other hand, it is appropriate to allow the proportion- 
al part to operate at the same clock frequency as the system 
frequency used, so as to be able to still compensate for 
rapid variations in the difference between the two transmis- 
sion frequencies fj, f, or bit rates. 
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The writing unit 13 writes continuously at the speed at which 
data bits 11 arrive at the buffer. The reading unit 14 reads 
continuously at the speed required to form data frames within 
the second domain A'. However, there Is room In the construe- 
5 tlon of the data frames within the second domain for given 
adjustment to the speed of the reading unit 14, either an 
Increase or decrease In speed. 

Figure 3 shows that the first limit value "a** towards which 
10 the proportional part 2 works Is comprised of two margins, an 
overfill margin "ai" and an underfill margin "aa", which are 
Intended to indicate the risk of an overfull or empty buffer. 

In the Illustrated case, the first IdLmlt value "a" has been 
15 chosen as ± six bits distributed uniformly around the value 
of the read-related pointer 16. 

If the reading unit 14 comes within six bits of the writing 
unit 13, there is a danger that the buffer 1 will be emptied, 
20 meaning that it is necessary to reduce the reading speed to 
sone extent, whereas if the writing unit 13 comes within six 
bits of the reading unit 14, there is a danger of the buffer 
becoming overfull, meaning that the reading speed must be 
increased to some extent. 

25 

Figure 3 also shows the so-called buffer depth B^, which is 
corresponded by the number of bits that have been written 
into the buffer but are still unread, in other words the 
distance between the writing unit and the reading unit. 

30 

Figure 5 is Intended to Illustrate the function of the integ- 
rating part still further and to show what the second limit 
value "c** that the integrating part works towards Is corre- 
sponded by. 

35 

Figure 5 shows two diagrams A and B. Diagram A is intended to 
show how the buffer depth varies with time. The time axis 



- 21 - 



PCTySE96/01415 



solely shows the buffer depth when the Integrating circuit 
receives a value, in other words when the second clock frequ- 
ency is 1000 times lower than the first clock frequency, the 
diagram A solely shows the buffer depth at each thousandth 
bit, and hence the buffer depth can vary markedly between two 
consecutive time points. It should be mentioned, however, 
that the variations in Figure 5 are only simulated for the 
purpose of illustrating the principle of the integrating part 
3* 

Diagram A shows variations in the buffer depth in the absence 
of adjustment to the reading speed with filled bars, whereas 
corresponding variations with adjustment are shown by empty 
bars . 

Similarly, diagram B shows with filled bars the value in the 
summating unit or adder 33 with neither adjustment nor ze- 
roing of the summating unit, whereas empty bars show the 
value in the summating unit when the summating unit has been 
adjusted and zeroed at a chosen threshold value. The time 
points in diagram B are corresponded by the same time points 
in diagram A. 

The summating unit 33 stores the deviation of the detected 
buffer depth B^, which is the value arriving from the third 
subtraction unit 32, from a desired buffer depth. In diagram 
A, the desired buffer depth is 24 bits, which is normal in a 
practical application with an FIFO buffer that includes 48 
bits. 

Since the summating unit 33 summates consecutive deviations, 
with signs, diagram B will show for each time period, with 
signs, the combined area beneath the buffer depth curve 
according to diagram A from the latest zeroing of the summa- 
ting unit 33 to the current time point. Thus, with a starting 
point from zeroing the summating unit at time point No. 0, 
the instantaneous value of the siimmating unit at time point 
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No. 10 will, according to diagram correspond to the area 
beneath the curve between tine point No. 0 and time point No. 
10 In accordance with diagram A. 

The other limit value "c" Is determined by a largest or 
smallest threshold value "Ci", "c," which for the purpose of 
Illustration Is shown in diagram B as ± 65 bits. 

Diagram B shows that the summated value reaches the higher 
threshold value "c^** at time point No. 13, therewith Initiat- 
ing adjustment of the distance between the reading unit and 
the writing unit, as shown at time point No. 14 in diagram A, 
and the summatlng unit 33 is zeroed by the zeroing unit 35, 
as shown at time point No. 14 in diagram B. Further adjust- 
ments take place at time points 25, 26; 31, 32 and 48, 49. 

The diagrams show that in the case of slow variations, the 
integrating part initiates an adjustment before the buffer 
depth reaches the limit value "a**, which in diagram A is 
corresponded by the buffer depth 6, "aj" in Figure 3, and 42 
bits respectively, "aj^" in Figure 3. The buffer depth is able 
to reach these limits In the case of rapid variations, howe- 
ver, wherewith one or more adjustments will be initiated by 
the proportional part. 

Figure 6 shows that the down-sampling unit 36 may Include a 
frequency divider 36a which divides the system frequency 
used, and, e.g., two AND gates 36b, 36b* which only pass 
through a value from the two pointers 15, 16 with the same 
frequency as the divided frequency f^^^ Those units that 
operate in the integrating part will then operate at the 
clock frequency f^^. 

The down-sampling unit may also be adjustable by using an 
adjustable frequency divider 36a where the frequency-division 
factor can be chosen arbitrarily. This enables the second 
clock frequency to be variable and set to a desired value. 
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A suitable frequency-division factor of the system frequency 
is to divide the frequency so that the second clock frequency 
will have a value In the order of 500 to 1500, preferably 
about 1000 tines lower than the first clock frequency. 

This frequency division enables the components used In the 
Integrating part 3 to be comprised of simpler and less power- 
consuming components than in the case when the integrating 
part 3 operates at the same clock frequency as the remaining 
parts. 

In order to obtain with known techniques a result that is 
comparable with the result that can be expected with an 
inventive solution, it would be necessary to form a mean or 
aggregate value continuously in the integrating part over the 
time T (1/used clock frequency) in real time, resulting in 
the requirement of highly complex logic to these ends. A 
donm-sampled integrating part in accordance with the inven- 
tion therefore greatly reduces the amount of complex logic 
and therewith also the power consumption. 

It can be mentioned that theoretically the power saving is 
proportional to the frequency-^di vision factor squared, mea- 
ning that a power saving in the order of one-million times 
can be expected with a frequency-division factor of 1000. 

This power saving is obtained chiefly because the logic in 
the integrating part according to the present Invention is 
clocked at a lower speed, the divided frequency, than the 
logic required for use in accordance with known techniques in 
forming a mean value and clocked by the system clock, which 
is normally the second transmission frequency. 

With the intention of saving fiirther components. Figure 7 
Illustrates an embodiment in which the first subtraction unit 
21, belonging to the proportional part 2, and the second 
subtraction unit 31, belonging to the integrating part 3, are 
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comprised of one common subtraction unit 17 « In addition to 
saving one subtraction unit, this also enables the two AND- 
gates 36b, 36b* in the down-sampling unit 36 to be replaced 
by one AND-gate 36b*. 

5 

In the case of this embodiment, the incoming bit stream 
derives from a first transmission protocol and the outgoing 
bit stream is transferred to a second transmission protocol, 
where the first transmission protocol is a PDH-protocol and 
10 the second transmission protocol is an SDH-protocol. 

A typical transmission frequency for the bit streams to and 
from a transmission buffer according to this embodiment is 
2,304 MHz, which corresponds to a standard PCM-protocol 
15 (Pulse Code Modulated) with information-carrying bits (pay- 
load) and protocol specific bits (overhead). 

The second transmission frequency fj, or bit rate, is there- 
with system-determined to 2,304 MHz. 

20 

It is therefore single to allocate the first clock frequency 
a value of 2,304 MHz, since this frequency constitutes the 
system frequency f, and is already available in the system. 

25 According to the proposed embodiment, ,the adjusting part is 
adapted to effect an adjustment by so-called stuffing depen- 
ding on the result frc» one of the two ccHoparison units 22, 
34. 

30 As a part of the structure used to form data frames within an 
SDH-protocol, there is room for so-called adjustment bits 
with associated check bits. Figure 8 illustrates, for instan- 
ce, the construction of a data frame within an SDH-protocol 
designated TU12 (Tributary Unit 12). 

35 

In the TU12 frame structure, there are two bits which consti- 
tute so-called adjustment bits, SI and S2. 
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When forming a data frame, the adjustment is made by 

- leaving both adjustment bits SI, 82 devoid of Information 
when an adjustment Is Initiated because a comparison unit 
22, 34 shows that the first transmission frequency f^ or 
bit rate Is lower than the second transmission frequency 
f J or bit rate, 

- allocating Information to both adjustment bits 31, S2 when 
an adjustment Is Initiated because a comparison unit 22, 
34 shows that the first transmission frequency f ^ or bit 
rate Is higher than the second transmission frequency fj 
or bit rate, or 

- by allocating Information to one adjustment bit SI and by 
leaving one adjustment bit S2 devoid of Information when 
no adjustment Is Initiated. 

Bach adjustment Si, S2 has an associated check bit Cl, C2 
which Is adapted to Indicate whether an associated adjustment 
bit Is filled or not. 

Figure 8 also shows a number of other bits which are used to 
construct the data frame In accordance with current protocol. 
However, the present Invention Is not dependent on these bits 
and consequently their function will not be described In 
detail here. 

In making an adjustment, the adjustment unit 4 commands the 
reading unit 14, via conductor 41, to read a further bit over 
and above the normal reading speed, or to stop and refrain 
from reading a bit, depending on the type of adjustment that 
Is Initiated. At the same time, the coding unit B4 receives, 
via conductor 42, Information necessary for filling the 
adjustment bits Si, S2 and to allocate the correct values to 
the check bits 01, 02 In accordance with the adjustment 
carried out and In accordance with the current protocol. 
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The second clock frequency is chosen so that a comparison 
will be made in the integrating part 3 once for each data 
frame formed in the second domain A*. The buffer depth is 
checked and the necessary adjustment evaluated in conjunction 
5 with writing-in the bits SI and S2. 

This enables the reading speed of the reading unit 14 to be 
adjusted by reading an extra bit and therewith increasing the 
reading speed at certain times, and to read one bit fewer and 
10 therewith reduce the reading speed at other times, all in 
accordance with existing requirements. 

Applications are found, e.g., in byte- locked mapping where 
the information is handled in bytes, groups of n number of 
15 bits, where n is normally eight, and where parallel data 

processing is used. An inventive system can also be used in 
such an application, as shown in Figure 9. 

Where n number of transmission buffers l^r I2 ^ 
20 parallel and where the writing units and reading units inclu- 
ded also act in parallel, it is sufficient to check solely 
one of the parallel-acting transmission buffers 1^ included 
even though an adjustment initiated by the check must be 
carried out in parallel on all parallel-acting transmission 
25 buffers 1^, 1, • . . 1„* 

It will be understood that the invention is not restricted to 
the aforedescribed and Illustrated embodiment and that modi- 
fications can be made within the scope of the inventive 
30 concept as illustrated in the following Claims. 
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1. A system for checking and adjusting at least one trans- 
mission buffer, wherein a bit stream Incoming to the trans- 
mission buffer has a first transmission frequency or bit 
rate, wherein a bit stream outgoing from the transmission 
buffer has a second transmission frequency or bit rate, 
wherein the Information allocated to each of the bits of the 
incoming bit stream can be written into the transmission 
buffer through the medium of a writing unit and the informa- 
tion allocated to each of the bits written into the transmis- 
sion buffer can be read through the medium of a reading unit 
and allocated to the outgoing bit stream, wherein a write- 
related pointer is given a value which corresponds to a bit 
position in the transmission buffer Into which the writing 
unit writes, and a read-related pointer Is allocated a value 
which corresponds to a bit position in the transmission 
buffer from which the reading unit reads, wherein said first 
transmission frequency or bit rate may differ from said 
second transmission frequency or bit rate, wherein a checking 
and adjustment means comprising a proportional part, an 
integrating part and an adjusting part functions to check the 
bit distance between the write-related pointer and the read- 
related pointer and, when necessary, adjust the bit distance 
between said writing unit and said reading unit, wherein the 
proportional part cc»npares a difference between the value 
given to the write-related pointer and the value given to the 
read-related pointer with a first limit value, wherein the 
integrating part adds the deviation between said difference 
to an expected value with the aid of a summating unit, whe- 
rein an obtained sum is comparable with a second limit value, 
wherein the result of one of said comparisons is operable in 
initiating an adjustment of said distance with the aid of 
said adjusting part, and wherein the proportional part opera- 
tes at a first clock frequency, characterized 
in that the integrating part Includes a down-sampling unit; 
in that the integrating part operates at a second clock 
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frequency; and In that said secx>nd clock frequency is given a 
lower value than the first clock frequency • 

2. A system according to Claim 1, characteri- 
5 z e d in that the first clock frequency is a system-determi- 
ned clock frequency; in that the down-sampling unit is adjus- 
table; and in that the second clock frequency is thereby 
variable. 

10 3. A system according to Claim lor2, characte- 
rized in that the second clock frequency is in the order 
of 500 to 1500, preferably about 1000, times lower than the 
first clock frequency. 

15 4. A system according to Claim 1, characteri- 
zed in that the proportional part includes a first sub- 
traction imit which is adapted to detect a difference between 
the value given to the write-related pointer and the value 
given to the read-related pointer, and a first comparison 

20 unit which is adapted to compare the difference obtained with 
a first limit value. 

5. A system according to Claim lor4, characte- 
rized in that the integrating part includes a second 

25 subtraction unit which is adapted to detect a difference 

between the value given to the t^ite-related pointer and the 
value given to the read-related pointer, a third subtraction 
unit which is adapted to detect a deviation between the 
difference detected by the second subtraction unit and an 

30 expected difference, a summating unit which is adapted to 
summate a plurality of consecutive deviations detected by 
said third subtraction unit, a second comparison unit which 
is adapted to compare the sum obtained with a second limit 
value, and a zeroing tinit which is adapted to zero the summa- 

35 ting unit in the case of an adjustment initiated by said 
second comparison unit. 
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6. A system according to Claim 4 or 5, characte- 
rized in that the first subtraction unit belonging to 
the proportional part, and the second subtraction unit be- 
longing to the integrating part are comprised of a common 
subtraction unit* 

7. A system according to Claim 1, characteri- 
zed in that the incoming bit stream derives from a first 
transmission protocol; and in that the outgoing bit stream is 
converted in accordance with a second transmission protocol. 

8. A system according to Claim 7, characteri- 
zed in that the first transmission protocol is a PDH- 
protocol. 

9 . A system according to Claim 7 , characteri- 
zed in that the second transmission protocol is an SDH- 
protocol. 

10. A system according to Claim 1, characteri- 
zed in that the second transmission frequency or bit rate 
is system-determined; and in that said frequency or bit rate 
is between 2 MHz and 3 MHz, preferably 2,304 MHz. 

11. A system according to Claim 1, characteri- 
zed in that the first clock frequency is of the order of 2 
MHz to 3 MHz, preferably about 2,304 MHz. 

12. A system according to Claim 1, characteri- 
zed in that the adjusting part is adapted to effect 
adjustment by stuffing, depending on the result of one of 
said comparisons. 

13. A system according to Claim 12, characteri- 
zed in that the outgoing bit stream is formed into stan- 
dard data frames; in that said stuffing is comprised of at 
least two bits in each outgoing data frame constituting 
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adjustment bits; and in that 

- both adjustment bits are left devoid of Information when an 
adjustment Is Initiated because a comparison shows that 
said first transmission frequency or bit rate Is lower than 
said second transmission frequency or bit rate, 

- both adjustment bits are allocated Information when an 
adjustment Is Initiated because a comparison shows that 
said first transmission frequency or bit rate is higher 
than said second transmission frequency or bit rate, or 

- an adjustment bit is left devoid of information and an 
adjustment bit is allocated information when no adjustment 
is initiated; 

and in that each adjustment is allocated a check bit which is 
adapted to indicate whether an associated adjustment bit is 
filled or not* 
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AU-A- 


3879593 


02/12/93 






EP-A- 


0572367 


01/12/93 










A7/A9 






SE-A- 


9201672 


28/11/93 






SE-B,C- 


470472 


09/05/94 






SE-A- 


9202774 


26/03/94 


EP-Al- 0491054 


24/06/92 


AU-B- 


636050 


08/04/93 
















JP-A- 


4068625 


04/03/92 






US-A- 


5367545 


22/11/94 






WO-A- 


9201343 


23/01/92 


WD-Al- 9422251 


29/09/94 


AU-A- 


6209694 


11/10/94 






EP-A- 


0689745 


03/01/96 






FI-B,C- 


93287 


30/11/94 






FI-A- 


931166 


17/09/94 






JP-T- 


8508146 


27/08/96 


WO-Al- 9318595 


16/09/93 


CA-A- 


2130473 


16/09/93 






IL-A- 


104990 


18/06/96 






IL-0- 


113710 


00/00/00 






JP-T- 


7506944 


27/07/95 






US-A- 


5257261 


26/10/93 






US-A- 


5331641 


19/07/94 
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